Introduction: This study examined the efficacy and safety of selegiline transdermal system (STS) and brief repeated behavioral intervention (BRBI) for smoking cessation in heavy smokers. We hypothesized that the quit rate of subjects who received STS and BRBI would be significantly greater than that of those who received placebo patch and BRBI.
Stetner, 1990). Fowler, Volkow, Wang, Pappas, Logan, MacGregor, et al. (1996) and Fowler, Volkow, Wang, Pappas, Logan, Shea, et al. (1996) showed that the brains of smokers have 40% lower levels of MAO-B and 23% lower levels of MAO-A than those of nonsmokers or former smokers and proposed that reduction of MAO-B activity might synergize with nicotine to produce effects on mood or depression. Monoamine oxidase (MAO) inhibitors do not interact directly with nicotinic receptors allowing the potential for combination therapy with nicotine replacement.
There have been positive preliminary results in smoking cessation clinical trials for two MAO inhibitors, moclobemide, an MAO-A selective inhibitor, and selegiline. Berlin et al. (1995) conducted a randomized, double-blind, placebo-controlled parallel-group study of moclobemide, 400 mg/day for 2 months and 200 mg/day during the third month in 88 smokers (moclobemide [n = 44] or placebo [n = 44] ). The self-reported continuous abstinence rate was higher with moclobemide than with placebo (6 months: p < .05; until the end of follow-up, 1 year: p = .09). Interestingly, no difference occurred for withdrawal symptoms.
To date, the efficacy of selegiline as a smoking cessation agent is inconsistent. In a crossover study examining treatment with selegiline and placebo, Houtsmuller, Thorton, and Stitzer (2002) found short exposure to oral selegiline to assist smoking cessation by reducing the number of cigarettes smoked and the number of puffs per cigarette. In a randomized study of oral selegiline versus placebo conducted by George et al. (2003) , the selegiline group had a significantly higher 7-day point prevalence abstinence rate (45.0%) at Week 8 compared with 15.0% for the placebo controls (p < .05). Smoking cessation rates during
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Selegiline Transdermal System (STS) as an Aid for Smoking Cessation the last four weeks of the trial were 30.0% (6/20) for the selegiline group and 5.0% (1/20) for the placebo group (p = .07). Biberman, Neumann, Katzir, and Gerber (2003) also conducted a trial in which oral selegiline combined with nicotine replacement therapy (NRT) was compared with NRT alone. Abstinence after 8 weeks of treatment and long-term abstinence at 1 year showed an increasing trend in favor of the group that received treatment with selegiline and NRT versus NRT alone. Moreover, craving for cigarettes at Week 4 was significantly reduced in the selegiline plus NRT group (p = .02). These preliminary small trials suggested that oral selegiline in a range of clinical doses from 2.5 to 10 mg/day might be efficacious as an aid for smoking cessation either alone or in combination with NRT.
Two more recent trials have had equivocal results. Weinberger et al. (2010) conducted an 8-week randomized placebocontrolled trial of oral selegiline 5 mg twice/day. Fifty-one subjects were randomized to receive selegiline versus 50 on placebo. Selegiline failed to demonstrate a significant treatment effect. In another study, conducted approximately concurrently with ours, Killen et al. (2010) conducted an 8-week placebocontrolled trial of selegiline transdermal system (STS) with cognitive behavioral therapy (n = 243). No significant benefits of STS over placebo were demonstrated in the intent-to-treat population. There was a gender difference observed in that more females than males in the STS-treated group remained abstinent at Week 52 of follow-up (28% vs. 16%, p = .05). In addition, a subgroup of subjects with high "behavioral activation" scores on STS showed greater retention in the study. The effect on the survival curve was observable as early as 8 weeks, the end of the medication period, and remained consistent to the end of follow-up at Week 52. Compliance with medication in both groups was also correlated with successful outcome.
Transdermal delivery offers a benefit over oral selegiline by delivering a sustained dose of selegiline into the bloodstream without first-pass removal through the gastrointestinal system, resulting in greatly reduced levels of metabolites N-desmethylselegiline, l-amphetamine, and l-methamphetamine. The Cmax values for desmethylselegiline and l-methamphetamine are greater by a factor of 20 after oral compared with transdermal dosing, and l-amphetamine Cmax is greater by approximately sixfold (Rohatagi, Barrett, DeWitt, & Morales, 1997) . STS has been demonstrated to increase the blood level of selegiline by 5-fold and duration of exposure by 60-fold compared with oral selegiline as a result of bypassing first-pass metabolism in the liver (Rohatagi et al., 1997) . The dose delivered by patch is sufficient for close to 100% inhibition of MAO-B and approximately 10% of MAO-A.
The present investigation was designed to examine the effects of STS and brief repeated behavioral intervention (BRBI) on smoking cessation as compared with BRBI and a placebo patch. BRBI was chosen in order to reduce the chance of a significant nonmedication effect and also to more closely replicate the type of management routinely offered to a patient in a family doctor's clinical practice.
Methods
In the successful study of oral selegiline (George et al., 2003) , the quit rate was 30% for selegiline compared with 5% for placebo.
We assumed a placebo quit rate of 23.1% and an effect size of 20% in order to approximate the outcomes seen in studies of bupropion sustained-release (SR) with NRT (GlaxoSmithKline, 2009). Assuming a normal approximation to the binomial distribution with a two-sided alpha of .05 and 80% power to detect a significant difference, 98 subjects per group were required. The number of subjects required per group was increased to 123 to allow for a 20% dropout rate.
A total of 246 subjects (n = 121 in the selegiline group; n = 125 in the placebo group) were enrolled in the study at 1 of 4 clinics: College Park, MD (n = 52), Cincinnati, OH (n = 68), Milwaukee, WI (n = 73), and New Brunswick, NJ (n = 53). Subjects were included if they met the DSM-IV diagnostic criteria for nicotine dependence; were at least 18 years of age; motivated to quit smoking; were currently smoking at least 15 cigarettes/day; smoked cigarettes for at least the past five years; had an expired carbon monoxide (CO) level of at least 9 ppm at screening; agreed not to use any other smoking behavioral intervention, acupuncture, or other smoking cessation pharmacotherapy during the study; were available for 28 weeks, and provided informed consent. Females were required to use contraception, and pregnant or lactating women were excluded. Other criteria for exclusion included any serious medical illnesses that may have compromised subject safety or study conduct, current diagnosis of major depressive disorder or other neuropsychiatric disorders that required current contraindicated pharmacological treatment, a known or suspected hypersensitivity to selegiline or any MAO inhibitor, a history of allergy to latex, or use of any other form of tobacco products.
This was a double-blind, placebo-controlled two-arm study with a parallel-group design. After satisfying study entry criteria and consenting to participate, subjects were randomly assigned to either STS (6 mg/24 hr) or placebo patches for 9 weeks. Adaptive randomization balanced the treatment groups with respect to the following: clinical site, gender, time to first cigarette after awakening (≤30 min or >30 min), average number of cigarettes smoked per day in the 30 days prior to enrollment (<25 or ≥ 25), and baseline Hamilton Depression Rating Scale (HAM-D; Guy, 1976; Riskind, Beck, Brown, & Steer, 1987) score (≤11 or >11). Initiation of STS or matched placebo was scheduled 7 days prior to each subject's target quit date, allowing for steady-state levels of selegiline and MAO inhibition to be reached. Following randomization, subjects were instructed to apply the STS (6 mg/24 hr) or matched placebo patch at approximately the same time daily and to leave it in place for 24 hr each day of the 9-week treatment period. Subjects were assessed for smoking status and safety measures weekly during treatment, at end of treatment (Week 10), and at follow-up visits during Weeks 14 and 26. Smoking status was assessed by measurements of expired CO and by subject self-report. Safety measures included adverse events, clinical laboratory assessments, vital signs, weight gain/loss, and ECG readings.
During the 9-week treatment period, subjects received BRBI consisting of weekly individual counseling sessions, each lasting approximately 10 min. Content of these sessions was based on the Public Health Service Clinical Practice Guidelines for Treating Tobacco Use and Dependence (Fiore et al., 2000) , including a review of skills discussed in the National Cancer Institute's booklet, "Clearing the Air" (provided at first session), a review of progress, and identification and resolution of barriers to quitting. A standardized manual (Heffner et al., 2007) was provided as a guide for clinical staff to conduct the BRBI sessions, and if necessary, BRBI was provided over the telephone for any subject who was unable to attend his/her weekly in-clinic session.
The primary outcome measure was the continuous quit rate defined by the FDA for registration trials of smoking cessation pharmacotherapies (FDA, 1995) and as recommended by Hughes et al. (2003) . This quit rate was 4-week prolonged abstinence in Weeks 6-9, assessed through self-report and confirmed by two exhaled CO measurements <9 ppm, with at least one of these two CO measurements taken during Weeks 8 or 9. A subject who did not provide the required CO measurements or selfreports of use during study Weeks 6-9 was considered a treatment failure. Prolonged abstinence rates were compared between treatment groups using Fisher's exact test. All statistical tests were two sided at an alpha level of .05. As a secondary analysis of the primary outcome measure, bivariate logistic regression was used to determine if any of several baseline characteristics were predictive of treatment success or failure.
Results
Overall, subjects in the STS and placebo groups were very similar in demographic and baseline smoking history characteristics (Table 1) . On average, subjects smoked 22-23 cigarettes/day in the 30 days prior to enrollment, a rate that was stable over the past five years. STS-treated subjects had slightly more years of formal education than the placebo-treated subjects (p = .03 by t test).
Two hundred forty-six subjects (246) were randomized (STS, n = 121; placebo, n = 125). Of the 246 randomized, 178 subjects (72%) completed study participation. Completion rates varied across sites, ranging from a low of 60% to a high of 79%. The completion rate was 70% for subjects on placebo and 74% for subjects receiving STS, but the difference was not statistically significant.
Data from all 246 subjects were used in an intent-to-treat analysis of the primary outcome measure, the 4-week prolonged abstinence rate at end of treatment. Table 2 depicts the number and percentage of subjects who were successful at quitting smoking according to the primary outcome measure. While more subjects in the STS group were successful at quitting smoking than those in the placebo group, the difference was not statistically significant (Fisher's exact test, p = 0.58). There was a modestly higher rate of smoking cessation sustained in STStreated subjects at 14 and 26 weeks of follow-up. At 14 weeks, 16 (13.2%) subjects were abstinent in the STS group compared with 10 (8.0%) in the placebo group, and at 26 weeks, 11 (9.1%) subjects in the STS group compared with 7 (5.6%) in the placebo group were abstinent. As a secondary analysis of the primary outcome measure, bivariate logistic regression was performed to determine if certain baseline characteristics, including gender, current depression symptomatology, number of previous smoking quit attempts, and time to first cigarette after awakening, were predictive of treatment success or failure. Of these characteristics, only time to first cigarette smoked after awakening proved to be potentially predictive of treatment success.
Although all subjects can be considered heavy smokers, we differentiated severity of nicotine addiction by time to first cigarette, irrespective of treatment group, as ≤30 min versus >30 min after awakening. One hundred and ninety-two (192) subjects were termed "early smokers," having smoked their first cigarette of the day ≤30 min after awakening, and 54 subjects were termed "later smokers," having smoked their first cigarette >30 min after awakening. Of the "early smokers," only 20 of 192 subjects (10%) were abstinent based on the definition of a quitter, while 13 of 54 (24%) "later smokers" went on to quit (Fisher's exact test, p = .01). In the group of "early smokers," 11 subjects (11.5%) were abstinent on STS compared with 9 (9.4%) who were abstinent on placebo. In the group of "later smokers," seven subjects (28%) on STS were abstinent compared with six subjects (20.7%) on placebo. There was no significant difference in abstinence between the early and later smokers in the placebo arm (Fisher's exact test p = .112). In the STS arm, the difference in abstinence between the two groups approached significance (Fisher's exact test p = .056).
The most common adverse events experienced in the subjects who received STS were insomnia (16%), headache (15%), application site erythema (11%), dry mouth (7%), and nausea (7%). One adverse event, application site erythema, occurred at a significantly higher incidence for STS subjects than for placebo subjects (11% vs. 3%, p = .02 for odds ratio). The STS group experienced a significantly higher event incidence in the psychiatric disorder category (body system) than the placebo group (27% vs. 14%, p = .02 for odds ratio); the majority of complaints in this category were for insomnia, which was reported in 10 placebo subjects and 19 STS subjects (p = .08). Insomnia, possibly representative of nicotine withdrawal, is also commonly reported with selegiline treatment, so we are unable to conclude which was the more likely cause. There were no treatment group differences in any other individual events within this body system. Three serious adverse events were reported during the study, each due to hospitalization (fractured femur, myocardial infarction, and pneumonia) occurring when the subjects were no longer taking study medication and none related to the study medication. Increases in weight and waist circumference from baseline to Weeks 10 and 26 were observed in both treatment groups, but the differences were not statistically significant. At Week 10, mean increases from baseline were 4.06 and 5.07 pounds, and at week 26, mean weight gains were 9.20 and 9.27 pounds for STS and placebo, respectively.
Compliance (%) with medication over nine weeks was calculated on a per-subject basis by dividing the number of days on which a patch was worn by the total number of days the subject was in the study and multiplying by 100. The mean compliance rates were 91.6% and 91.3% for the STS and placebo groups, respectively, showing no significant difference (t test p value = .91). Subject retention was similar: 90/121 in the STS group and 88/125 in the placebo group completed the study (p = .20). Depression was not prominent in the subjects in either group. At screening, the mean (SD) HAM-D score in the STS treatment group (n = 121) was 1.75 (2.25) and 1.98 (2.54) in the placebo group (n = 125). At Week 8, during the period when subjects were supposed to maintain abstinence, mean HAM-D scores had elevated slightly: 2.53 (3.92) in STStreated subjects (n = 90) and 2.02 (2.88) in placebo subjects (n = 84). At the final HAM-D assessment, the STS group (n = 90) reported a mean increase of 0.41 points and the placebo group (n = 85) reported a mean increase of 0.21 points. The difference between treatment groups was not statistically significant (t test, p = .65).
Discussion
Though two trials using oral selegiline showed trends toward improved abstinence, the recent trial by Weinberger did not. Since smokers smoke throughout the day, we postulated that transdermal delivery of selegiline would be advantageous over oral delivery because it provides a higher more consistent blood level of selegiline over 24 hr. However, the present study did not demonstrate that STS with BRBI improved quit rate during 9 weeks of treatment. Our study most closely resembles the clinical trial conducted by Killen et al. (2010) of 243 smokers randomized between STS and placebo for 8 weeks, which failed to demonstrate a difference between the treatment groups followed out to 52 weeks.
Overall, STS was well tolerated with comparable rates of compliance between treatment groups. Subjects in both groups were retained in the study at a similar rate. No effect on HAM-D scores was observed; however, only smokers with mild-tomoderate baseline HAM-D scores were included. Although we found no differences between groups in mean ratings of withdrawal symptoms in the intent-to-treat population, in the subgroup of successful quitters, some symptoms of withdrawal appeared to be alleviated more successfully by STS.
Although the metabolism of selegiline is a disadvantage in the treatment of Parkinson's disease, this may not be the case for addictions. The levo-isomers of amphetamine and methamphetamine have both cardiovascular and psychological effects, though somewhat attenuated in comparison with the dextro-isomers. Mendelson et al. (2006) demonstrated that l-methamphetamine had cardiovascular and psychoactive effects at higher doses than d-methamphetamine and dissipated sooner than the equipotent dose of d-methamphetamine. Possibly, the stimulative effects of the active metabolites are needed for the success of selegiline for drug abuse indications in general as has been suggested previously (Elkashef et al., 2006) . Molecular imaging studies have demonstrated that smokers during early abstinence have a larger than a normal population of unoccupied beta-2 acetylcholine receptors in the cortex and cerebellum, which does not begin to normalize until six or more weeks after smoking cessation (Staley et al., 2006) . Availability of unoccupied cerebellar beta-2 acetylcholine receptors at 4 weeks has been correlated with craving (Cosgrove et al., 2009) . Neither selegiline nor its metabolites interact with acetylcholine receptors, providing a reason why NRT combined with oral selegiline treatment was more successful than NRT alone in the one study that addressed this comparison (Biberman et al., 2003) . However, STS alone at the standard therapeutic dose is unlikely to represent an effective treatment for smoking cessation for most smokers.
In conclusion, the results of the present study demonstrated that there was no significant difference between the STS and placebo treatment groups. There are now multiple clinical trials examining selegiline as a therapy for smoking cessation. Despite earlier studies that suggest an effect of selegiline on craving that translated to reduced smoking frequency, the ostensible benefit of continuous medication delivery by transdermal application did not translate to more treatment success.
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